Cyclopentadiene compounds, 2-[CR'R(OMe)]-1,3-Me 2 C 5 H 3 (R, R' = 2,2'-biphenyl, 2) and 2-[CR'R(OSiMe 3 )]-1,3-Me 2 C 5 H 3 (R, R' = 2,2'-biphenyl, 3; R = ph, R' = ph, 4; R = 2-naphthyl, R' = H, 5) are readily synthesized from 2-bromo-3-methoxy-1,3-dimethylcyclopentene (1). Reaction of the cyclopentadienes with Ti(NMe 2 ) 4 in toluene results in clean formation of the cyclopentadienyl tris(dimethylamido)titanium complexes, which are transformed to the trichloride complexes, 2-[CR'R(OMe)]-1,3-Me 2 C 5 H 2 }TiCl 3 (R, R' = 2,2'-biphenyl, 6) and {2-[CR'R(OSiMe 3 )]-1,3-Me 2 C 5 H 2 }TiCl 3 (R, R' = 2,2'-biphenyl, 7; R = ph, R' = ph, 8; R = 2-naphthyl, R' = H, 9). Attempts to form C1-bridged Cp/oxido complexes by elimination of MeCl or Me 3 SiCl were not successful. X-ray structures of 6, 7 and an intermediate complex {2-[Ph 2 C(OSiMe 3 )]-1,3-Me 2 C 5 H 2 }TiCl 2 (NMe 2 ) (10) were determined.
Introduction
The [Me 4 Cp-Me 2 Si-NR] based titanium and zirconium complexes developed by Dow and Exxon and know as CGC (constraint geometry catalyst) have drawn great interest in both academic and industrial fields. 1 The activated catalyst derived from the complex shows good comonomer incorporation in the ethylene/α-olefins copolymerization and provides very high molecular-weight polyethylene when activated with borate cocatalyst. Cp/phosphido, 2, 3 Cp/ amido, 4 and Cp/oxido complexes with various bridging moieties have been described. Recently, Erker attempted to prepare (sp 2− with Ti(NMe 2 ) 2 Cl 2 or Zr(NEt 2 ) 2 Cl 2 (THF) 2 but only obtained unbridged dinuclear complexes. 5 Cp/oxido titanium complexes with higher bridging moieties are frequently obtained by thermolysis of unbridged precursor complexes [RO-bridge-Cp]-TiCl 3 by elimination of RCl (R = Me or Me 3 Si). [6] [7] [8] We have recently developed an efficient synthetic route for 1,4,6-substituted fulvenes. [9] [10] [11] An intermediates of the synthetic route is cyclopentadiene having methoxy group, 2-[CRR'(OMe)]-1,3-Me 2 C 5 H 3 . We expected that the titanium trichloride complex derived from the cyclopentadiene or preferably more labile 2-[CRR'(OSiMe 3 )]-1,3-Me 2 C 5 H 3 , which can be synthesized similarly, might afford the C 1 -bridged Cp/-oxido titanium complexes by thermolysis. Even though we failed to obtain the desired C 1 -bridged Cp/-oxido complexes, we report herein the preparation and molecular structures of the titanium trichloride complexes.
Results and Discussion
Synthesis and Characterization. One-pot synthetic route for the cyclopentadiene compound, 2-[CR'R(OMe)]-1,3-Me 2 C 5 H 3 were developed previously (Scheme 1).
11 Thus, addition of n-BuLi to the bromo-compound 1, which can be prepared in 80 g scale, in diethyl ether affords 2-lithio-3-methoxy-1,3-dimethylcyclopentene. Successive additions of 9-fluorenone and MeI to the lithium compound and aqueous acidic work-up provide cyclopentadiene compound 2 in overall 57% yield. Similarly trimethylsiloxy compounds 3-5 are obtained by the addition of Me 3 SiCl instead of MeI in 59-76% yields (Scheme 1). The 1 H and 13 C NMR spectra are in agreement with the structure. Broad signals are observed for fluorenone-derived compounds 2 and 3 which might be attributed to the rotation barrier around C(Cp)-C(OR) bond.
Reaction of the cyclopentadiene compounds 2-5 with Ti(NMe 2 ) 4 in toluene at 80 o C overnight under the weak stream of nitrogen gas furnishes the corresponding cyclopentadienyl tris(dimethylamido)titanium complexes which is cleanly transformed to the trichloride complexes by treatment of 3 equivalents of Me 2 SiCl 2 at 60 o C (Scheme 2). Clean complexes are obtained by trituration in pentane in overall 75%, 75% and 81% yield for 6, 8, and 9, respectively or by recrystallization by vapor phase addition of pentane to a benzene solution in 44% yield for 7. When the tris(dimethylamido) complex is reacted with Me 2 SiCl 2 at room temperature, only two of the three dimethylamido ligands are substituted with the chloride ligand. A dichloro(dimethylamido) complex 10 was isolated as single crystals by layer addition of pentane to a C 6 D 6 solution and its molecular structure is elucidated.
The NMR signals of 8 and 9 are sharp and can be unequivocally assigned. In the X-ray Structures of 6, 7, and 10. Structures of 6 and 7 determined by X-ray crystallography are shown in Figure 1 and Figure 2 with selected bond distances and angles. They show a typical distorted tetrahedral structure around titanium coordinated by three Cl ligand and a Cp.
12, 13 The fluorenyl plane is almost perpendicular to the Cp plane (the angle between the two planes, 89.8 (2) o and 81.0(4) o for 6 and 7, respectively) and the oxygen atoms are situated laterally to the Cp plane (the dihedral angle of C2-C1-C8-O1, −168. (1) The eclipsed chloride is situated opposite to the oxygen atom and the Ti-Cl distance is relatively shorter (Ti1-Cl1, 2.2037(17) Å) than the other two Ti-Cl distances (Ti1-Cl2, 2.2301(16) Å; Ti1-Cl3, 2.2312(15) Å). Almost the same situation of the chloride ligands are observed for 7. The Ti-C(Cp) distance increases in the order of Ti-CH, Ti-CCH 3 , and Ti-CCO in both 6 and 7. Figure 3 shows the structure of 10 with the selected bond distances and angles. In this complex, the oxygen atom is not situated laterally to the Cp plane as is observed for 6 and 7 but C-O vector is rotated toward titanium (dihedral angle of C2-C1-C8-O1, −136. 
Conclusion

Titanium trichloride complexes, 2-[CR'R(OMe
)]-1,3- Me 2 C 5 H 2 }TiCl 3 (R, R' = 2,2'-biphenyl, 6) and {2-[CR'R- (OSiMe 3 )]-1,3-Me 2 C 5 H 2 }TiCl 3 (R, R' = 2,
Experimentals
All manipulations were performed under an inert atmosphere using standard glove box and Schlenk techniques. Toluene, pentane, THF, and C 6 D 6 were distilled from benzophenone ketyl. Me 3 SiCl and Me 2 SiCl 2 were purified by distillation over CaH 2 . DMF was purified by vacuum distillation and subsequent contacting with molecular sieves. temperature. All volatiles were removed by vacuum. Anhydrous DMF (5 mL) and NaH (0.117 g, 4.88 mmol) were added and the solution was stirred for 30 minutes at room temperature. MeI (1.39 g, 9.76 mmol) was added and the resulting mixture was stirred overnight. Water (10 mL) and hexane (10 mL) were added and the organic phase was collected, which is washed with brine (15 mL). Solvent was removed with rotary evaporator to give a residue which was dissolved in ethyl acetate (10 mL). Aqueous HCl (2 N, 10 mL) was added and the two-phase mixture was shaken vigorously for 2 minutes. Water phase was removed and the organic phase was washed with saturated aqueous NaHCO 3 (10 mL). The organic phase was dried with anhydrous MgSO 4 and solvent was removed with rotary evaporator to give a residue which was purified by column chromatography on silica gel eluting with hexane and ethyl acetate (v/v, 50 : 1). Overall yield was 57% (0.64 g). 5 eq.) was added. The solution was warmed to room temperature and water (10 mL) was added. Volatile organics were removed by rotary evaporator and the organic compound was extracted with ethyl acetate (10 mL × 2). The combined ethyl acetate solution was shaken vigorously with aqueous HCl (2 N, 10 mL) for 2 minutes. The organic phase was washed with saturated aqueous NaHCO 3 (10 mL). The organic phase was dried with anhydrous MgSO 4 and solvent was removed with rotary evaporator to give a residue which was purified by column chromatography on silica gel eluting with hexane and ethyl acetate (v/v, 50 : 1). Overall yield was 60% (0.80 g). Complex 9. The compound was synthesized by the same method and conditions for 6 by using 5. The complex was purified by trituration in pentane (81%). Crystallographic Studies. Crystals of 6, 7 and 10 coated with grease (Apiezon N) were mounted inside a thin glass tube with epoxy glue and placed on an Enraf-Nonius CCD single crystal X-ray diffractometer. The structures were solved by direct methods (SHELXL-97) 14 and refined against all F 2 data (SHELXL-97). All non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were treated as idealized contributions. The crystal data and refinement results are summarized in Table 1 .
